Euphorbia neriifolia L. is a spiny herb native to Southeast Asia and currently cultivated in southern Taiwan. From the ethanolic extract of E. neriifolia leaves, 23 compounds were isolated, including 22 triterpenoids and one flavonoid glycoside. The anti-human coronavirus (HCoV) activity of the separated triterpenoids was studied revealing the structure-activity relationship (SAR) of these isolates. 3β-Friedelanol exhibited more potent anti-viral activity than the positive control, actinomycin D, which implies the importance of the friedelane skeleton as a potential scaffold for developing new anti-HCoV-229E drugs.
Coronavirus (CoV), a genus of the Coronaviridae family, is a positive-strand RNA virus with the largest viral genome of all RNA viruses (27-32 kb) [1] . The first studies on human CoVs (HCoV) appeared in the mid-1960s [2] . Almost 40 years later, a CoV was identified as the causative agent of the severe acute respiratory syndrome (SARS), which caused a global health threat [3] . A highly effective global public health response prevented further spread of this virus resulting in the eradication of SARS-CoV from its endemic areas. However, recent research pointed out the emergence of new HCoV species calling for immediate action to prevent another health disaster. So far only few treatments have been developed against SARS, such as interferon and glycyrrhizin [4] . The potent anti-viral activity of glycyrrhizin as a triterpenoidal saponin and the wide distribution of this class of secondary metabolites in the plant kingdom imply an intriguing opportunity in finding new drug leads with a triterpenoidal nucleus targeting HCoVs.
Triterpenoids are abundant in terrestrial plants with over 90 families containing different types of this class of secondary metabolites. Among plant families rich in triterpenoids is Euphorbiaceae with 300 genera and around 7,500 species. The largest and most diverse genera of Euphorbiaceae is Euphorbia with 1600 species distributed worldwide ranging from annual weeds to trees [5] . E. neriifolia L. is a spiny herb, popularly known as 'sehund' or 'thohar'. It is of South-Asian origin, including India and Sri Lanka and cultivated nowadays in the southern warm region of Taiwan [ 6] . In traditional medicine, the leaves are used as an aphrodisiac, diuretic, and as a treatment for common cold, bleeding piles and anal fistula. Phytochemical investigation of the hydroalcoholic extract of E. neriifolia leaves revealed the presence of sugars, tannins, flavonoids, alkaloids, and triterpenoidal saponins [5] . The use of E. neriifolia as a remedy for common cold and its richness in triterpenoids were the driving force to isolate and purify the major triterpenoids of E. neriifolia aiming to deduce their anti-HCoV activity.
The fresh leaves of E. neriifolia, collected from Pingtung, Taiwan, were extracted with ethanol. The EtOH extract was concentrated and subjected to silica gel column chromatography (CC) successively eluted with a gradient mixture of n-hexane, CHCl 3 , EtOAc, and MeOH. The obtained fractions were purified using normal-and reversed-phase HPLC to yield 22 triterpenoids and one flavonoid glycoside. The structures of the isolated compounds were identified by comparing their spectral data with the published values and are summarized as: 3β-friedelanol (1) [7] , 3α-friedelanol (2) [7] , 3β-acetoxy friedelane (3) [8] , friedelin (4) [9, 10] , glutinone (5) [9] , glutin-5-en-3β-ol (6) [10] , glutinol acetate (7) [10] , lupenone (8) [11] , epitaraxerol (9) [11] , epitaraxeryl acetate (10) [12] , taraxeryl acetate (11) [13] , β-amyrin (12) [11, 13] , β-amyrin acetate (13) [13] , dammarenediol II acetate (14) [14] , cabraleadiol monoacetate (15) [15] , 3β-simiarenol (16) [16] , simiarenone (17) [17] , cycloartanol (18) [18] , 24-oxocycloart-25-en-3β-ol (19) [19] , (23Z)-cycloart-23-ene-3β,25-diol (20) [20] , cycloeucalenol (21) [21] , 29-norcycloartanol (22) [22] , and afzelin (23) [23] (Figure 1 ). In general the isolates can be subdivided into 10 sub-types, including friedelane (1-4), glutinane (5-7), lupane (8), taraxerane (9-11), oleanane (12, 13) , dammarane (14) , ocotillone (15) , simiarenane (16, 17) , cycloartane (18) (19) (20) , and cycloeucalane (21, 22) . Thirteen of the isolated compounds (3, 4, 7, 9, 10, 11, 14, 15, 16, 19, 20, 21, and 22) were reported from E. neriifolia for the first time. The structural diversity of the isolated triterpenoids is significantly important as evaluating the activity of these isolates provided crucial information on the structural features of an effective anti-HCoV triterpenoid. The anti-HCoV activity of all isolated compounds (1-23) was evaluated and the data for the active compounds are presented in Table 1 . Actinomycin D was used as the positive control. The assay results indicated that the antiviral activity of the tested compounds is highly influenced by small differences in the structural features of the tested compounds. Among the friedelane derivatives (1-4), 3βfriedelanol (1) and 3α-friedelanol (2) are epimers, and the difference in orientation of the C-3 proton affected dramatically their antiviral activity (Table 1 ). Comparing 3β-friedelanol (1) activity data with that of 3β-acetoxy friedelane (3) implied that the acetyl group negatively affected the antiviral activity (Table 1) . Other than friedelane derivatives, epitaraxerol (9) , which is a taraxerane derivative, was the most active derivative of this group. Contrary to the friedelane results, the data indicated that the acetyl group was not essential for the antiviral activity of the taraxerane derivatives (9-11) (data not shown). In this study, 23 compounds were isolated from E. neriifolia, including 22 triterpenoids and one flavonoid glycoside. Thirteen compounds were isolated from E. neriifolia for the first time. The anti-HCoV-229E activity of the isolates was evaluated with friedelane derivatives showing the most significant viral inhibitory activity. Unequivocally, these findings will be a great asset for developing a potent cost effective anti-HCoV drug.
Experimental
General: Optical rotations were measured with a JASCO P-1020 digital polarimeter. The IR spectra were measured on a Mattson Genesis II TM FT-IR spectrophotometer. 1D ( 1 H, 13 Fraction A7 (17.33 g) was chromatographed on silica gel (1.5 Kg, 10 × 25 cm, 70-230 mesh) with a gradient elution of n-hexane: Anti-HCoV assay: Seventy µL of MRC-5 cells (human fibroblasts cells, 1.0 × 10 5 cells/mL, in 3% FBS-DMEM medium) were cultured in a 96-well plate and incubated for 24 h at 37°C. HCoV (20 μL, strain 229E, 20 TCID 50 /well) was added and incubated for 2 h at 37°C. Ten µL of the test compound was added in triplicate in various concentrations. An XTT assay was used to determine the level of cell viability after 4 days of incubation at 37°C. Actinomycin D was used as a positive control [24] .
